Abstract. Water intake in rural settlements adjoining large cities is variable and depends on many factors. In these places increasingly often a change in the character of water use from rural to the one typical of urban housing estates is observed. This is due to the expansion of housing, especially single-family housing, and migration of people from large cities. As a consequence, the standard of home furnishings improves and water is used not only for domestic purposes, but also for watering gardens and greenery, the filling and operation of swimming pools, etc. Considering the above, the authors present the results of own research relating to the analysis of water intake in villages adjacent to Wrocław.
Introduction
The size and distribution of consumer demand for water in the area of a given administrative unit is the basis for dimensioning its water supply and sewerage facilities. It is also a major element in the mathematical modelling of water or sewage flows [1] [2] [3] .
The estimation of the demand for water on the basis of water distributions is an essential part of planning and designing the development and operation of water supply systems. It is important to determine the consumers' water needs in order to correctly distribute them over the considered area [4] [5] [6] . Depending on the aim of the particular study (a general plan, development programming, technical-economic assumptions for water mains construction or extension), a different degree of precision of predicting the future water needs is required. Most often the following three methods are used: -a method based on global indices of the demand for water for domestic-municipal and production purposes per 1 inhabitant, which is used in general feasibility and conceptual studies. The method uses unit water demand indices which take into account the total water needs per 1 inhabitant. The global indices are determined on the basis of analytical-statistical studies of the water consumption so far, its multi-annual trends and the predicted trends stemming from the country's long-term and targeted socio-economic development assumptions; -a method based on aggregate indices of water demand for different consumers in a settlement unit area per 1 inhabitant, which can be used in general plans and in technical-economic assumptions for water mains construction and extension for settlement units having a multifunctional character. In this case, the total daily water demand is the sum of the partial needs determined for the different groups of consumers on the basis of the unit aggregated indices and the assumptions concerning the long-term living conditions of the population; -a method of water demand balancing for different purposes in a settlement unit area, using detailed unit water demand indices. This is the most labour-intensive method, but enabling one to determine the water abstractions more precisely. The balance is drafted on the basis of the development plan's descriptive part and drawings and the detailed water demand indices determined for the particular consumers and the different purposes. The average and maximum daily water demand determined using this method is the sum of the partial demands of the particular categories of consumers.
The method based on aggregate indices and the one based on detailed unit water demand indices are most often used for balancing the current and long-term water needs. The indices and also daily water demand irregularity coefficients are assumed in accordance with the relevant legal acts and the literature on the subject. From among the current legal acts one should mention here the Minister of Infrastructure Order of 14 January 2002 concerning the determination of average water consumption standards, which can serve as the legal basis for drawing a balance of water needs, even though the Order concerns the determination of average water consumption standards for individual water customers in the case when there is no main water meter. The previously issued guidelines for balancing water needs, such as: Technical guidelines for designing the size of a municipal main with regard to water demand; According to the Order of 2002, the flow of water consumed by households having only a kitchen sink and a toilet (no bathroom and no hot water) amounts to 70-90 liters per capita per day (lpcd) while in the case of households additionally having a bathroom with a local source of hot water, it amounts to as much as 80-100 lpcd. In Poland, households of this type occur mainly in rural areas. The above flow rates are similar to the ones observed over the last decade in rural areas in Poland ( Fig. 1 and Fig. 2 ) [7] . The Order also includes average water consumption standards for, among other things, watering home gardens (including crops, lawns and greenery) -2.5 L/m 2 per day, and, to a quite a large extent, average water consumption rates for services, livestock facilities and agricultural product and food processing plants. In the literature on the subject there is relatively little information about water consumption trends in rural settlements, especially the ones adjoining large cities. Since the character of such developments has been changing from rural to the one typical of urban housing estates, it is important to take this fact into account when calculating water needs. Ogiołda and Kozaczek [8] analysed water consumption in the rural water supply systems in the Głogów District. These are areas directly adjacent to Głogów and include the places: Borek, Bytnik, Przedmoście, Zabornia, Wilków, Klucze, Krzekotów and Serby Stare. The calculations and analysis of water consumption were made for data for the years 1995-2011. The mean value of the unit water demand index amounted to 82.2 lpcd for the Borek water supply system and to 68.8 lpcd for the Wilków water supply system while the daily water demand irregularity coefficient amounted to respectively 1.3 and 1.7. Pawełek et al. [9] describe the variation in water consumption in the rural households in 8 villages in the Brzesko District in the years 2000-2012. The analyses showed that the unit water consumption in the studied area ranged from 30.9 to 70.5 lpcd, on average amounting to 46.7 lpcd. Orzechowska [10] Trade journals most often publish the average unit water demand for water in single-family housing in urban areas [11] [12] [13] . The demand usually ranges from 90.0 to 180.0 lpcd. Daily water consumption irregularity coefficients (N d ), expressing the variability of water abstraction by water consumers, are reported much less frequently. According the directives (1978, 1991) , the values of N d for single-family housing are assumed in the rage of 1.5-2.0.
Description of the area covered by the study
An analysis of water needs was carried out for the following three districts in the Wrocław agglomeration: Oborniki Śląskie (the southern part of the District) -data for 2008, Wisznia Mała -data for 2007 and 2010 and Czernica -data for 2015. The districts are directly adjacent to Wrocław (Fig. 3) .
In the Oborniki Śląskie District, places located in its southern part were analysed. This area is supplied with water by the Lubnów water supply system which covers the places: Lubnów, Niziny, Uraz, Raków, Kotowice, Paniowice, Zajączków and Pęgów, and by the Golędzinów water supply system supplying water to the places: Golędzinów and Nowosielce. In these water supply systems underground water is drawn from drilled wells and then it is treated and stored in clearwells. From the clearwells the water is pumped into the water-pipe network by water pumping stations. The network is built of PVC pipes 90-225 mm in diameter. In 2008 the considered area was inhabited by 4741 inhabitants. The water consumers are mainly single-family housing and services and to a small degree agriculture and industry. The analysis of water consumption in the Wisznia Mała District was carried out in two stages. In the first stage the structure of the water needs in the places: Psary, Szymanów and Krzyżanowice (the Psary water supply system) and Kryniczno and Rogoż (the Kryniczno water supply system) was studied. In both the water supply systems underground water is drawn, which is subsequently treated and stored in clearwells and then pumped into the water-pipe networks by pumping stations. The network is built of PVC pipes 90-225 mm in diameter. In 2007 the population in the considered area amounted to 2,732 inhabitants. In the second stage investigations were carried out in the northern part of the District in the places: Machnice, Wysoki Kościół, Piotrkowiczki and Mienice (a pumping main) and Wisznia Mała, Ligota Piękna Pierwoszów, Malin, Strzeszów, Ozorowice and Szewce (a gravity main). The water-pipe system is supplied with water from the underground water intake in Pierwoszów and Machnice. The water-pipe network is built of cast-iron and PVC pipes 90-300 mm in diameter. In 2010 the places mentioned above were inhabited by 5,578 persons. The major water consumers in the whole analysed area are single-family housing and services. Water used for agricultural and industrial purposes amounted to a small percentage.
In 2015 studies were carried out in the Czernica District. The structure of water needs was determined for all the places located in the District, i.e. Nadolice Wielkie, Chrząstawa Mała, Chrząstawa Wielka, Nadolice Małe, Krzyków, Dobrzykowice, Kamieniec Wrocławski, Łany, Gajków, Jeszkowice, Czernica, Wojnowice and Ratowice. The particular places are supplied with water from the group water main with a water treatment plant in Nadolice Wielkie and from the Wrocław main. The water-pipe network is built of PVC and PE pipes 90-225 mm in diameter. The major water consumers are single-family housing and services, and industrial plants. Agriculture is a minor water consumer.
In 2015 the population of the District amounted to 12,824 inhabitants.
In the studied areas the water supply network covers all the water consumers.
Research results
The results of the research into the water needs in the Oborniki Śląskie District, the Wisznia Mała District and the Czernica District are presented in Table 1 and illustrated in Fig. 4 . The analyses were based on the data collected in the district organizational units administering the water supply systems described above. In the case of the parts of the Oborniki Śląskie District and the Wisznia Mała District, the collected data concerned the amount of water drawn for housing (households and watering home gardens), services, farms and livestock facilities, servicing motor vehicles and production plants. While in the Czernica District the average daily water consumption measured by water meters located at water service points was analysed with a special regard to the use of the drawn water. The analyses show a wide variation of both the average unit water consumption, ranging from 65.3 to 196.1 lpcd, and the daily water demand irregularity coefficient, ranging from 1.82 to 3.14.
As regards average unit water consumption, the results for the places in the Oborniki Śląskie District, directly adjacent to Wrocław, coincide with the values given in the Minister of Infrastructure Order of 14 January 2002, whereas the ones for the places in the Wisznia Mała District and the Czernica District, especially in Kryniczno (q j = 161.2 lpcd, N d = 2.67), Nadolice Wielkie (q j = 167.6 lpcd, N d = 2.12) and Dobrzykowice (q j = 196.1 lpcd, N d = 2.19), are higher than the values published in the Order and in the trade journals. Various factors contribute to the relatively large water intake in the considered places, particularly in the Czernica District. First of all one should note the change in the use of mains water from rural to the one typical of urban housing estates, at a considerable use of water for purposes other than domestic, including watering lawns and greenery and the operation of swimming pools. Also quite significant is water abstraction for construction purposes.
Conclusions
The structure of the water needs in the water supply systems of the Oborniki Śląskie District, the Wisznia Mała District and the Czernica District, directly adjacent to Wrocław has been studied over the last decade.
The analyses have shown that various factors have a bearing on water intake variability. The determined average water consumption per inhabitant ranges from 65.3 to 196.1 lpcd while the daily water consumption irregularity coefficient ranges from 1.82 to 3.14. For most of the considered places, especially for the Czernica District, these values differ from the ones reported in the literature. It should be noted that this is due to the change in the character of the use of water by its consumers in the studied area from rural to the one typical of urban housing estates, with a considerable use of water for other than purely household purposes, such as watering lawns and greenery and the operation of swimming pools.
The observations indicate that it is necessary to continue the research on the variability of water consumption, particularly daily water consumption irregularity, in rural settlements adjacent to large cities in Poland.
